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Abstract
We work out the semileptonic Λb → Λℓ+ℓ− transition in standard as well as
different supersymmetric models. In particular, considering the parametrization of
the matrix elements entered the low energy effective Hamiltonian in terms of form
factors in full QCD, we calculate the amplitude and differential decay rate responsible
for this decay channel in supersymmetric models. We then use the form factors
calculated via light cone QCD sum rules in full theory to analyze the differential
branching ratio and lepton forward-backward asymmetry of this decay channel in
different supersymmetric models and compare the obtained results with those of the
standard model. We also discuss how the results of different supersymmetric models
deviate from the standard model predictions and which SUSY scenarios are favored.
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1 Introduction
Recently, there has been an important progress on the course of searching for Higgs boson
as a missing ingredient of the standard model (SM). The ATLAS and CMS Collaborations
at CERN reported their observation on a Higgs-like particle with a statistical significance
of 5σ [1]. Now, it is searched whether this Higgs-like boson is the standard or non-standard
Higgs particle. The supersymmetry (SUSY) has been the most popular paradigm for new
physics (NP) scenarios in the last decades. The recent progresses have stimulated the
theoretical works dedicated to the study of how a relatively heavy Higgs constrains the
parameters of SUSY (for a discussion see for instance [2]). On the other hand, with these
developments, we hope that we will have an experimental progress in searching for SUSY
particles both directly by increasing the center of mass energy and indirectly by studying
the flavor changing neutral current (FCNC) transitions.
In the present work, we theoretically analyze the semileptonic FCNC decay of the Λb →
Λℓ+ℓ− in existing related different supersymmetric models. In principle, the SUSY particles
can contribute to such loop level transitions. Hence, we look for the effect of superparticles
in this channel via calculating some related observables like differential branching ratio
and lepton forward-backward asymmetry (FBA). Due to the specific features, there are
different SUSY scenarios such as SUSY I, SUSY II, SUSY III and SUSY SO(10) [3–6].
In these models, the Wilson coefficients receive contributions from neutral Higgs bosons
(NHBs) that are proportional to tan3β, where tanβ has been defined as the ratio of the
vacuum expectation values of two neutral Higgs bosons (h0, A0). According to the tanβ and
an extra parameter µ with dimension of mass corresponding to mass term mixing of two
Higgs doublets, the different SUSY models are categorized. In SUSY I, the µ takes negative
value, some of the Wilson coefficients change their signs and the contributions of NHBs have
been neglected. In SUSY II, the tanβ takes large value while masses of the superparticles
are small in order of a few hundred GeV. In SUSY III, the tanβ is large and the masses
of the superparticles are relatively large up to 450 GeV or more. In SUSY SO(10) model,
the imaginary parts of the Wilson coefficients are large and the NHBs contributions are
considered.
In the last year, the CDF Collaboration at Fermilab [7] has reported the first observation
on the baryonic FCNC transition of Λ0b → Λµ+µ− with 24 signal events and statistical of 5.8
deviations. They have measured a branching ratio of [1.73±0.42(stat)±0.55(syst)]×10−6.
This decay channel is in the focus of different experiments like LHCb at CERN [8]. Hence,
theoretical and phenomenological predictions on the observables defining this channel can
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help us in the course of searching indirectly for SUSY particles in this stage. Comparison
of different theoretical results with experimental data may help us get useful informations
about the existence of the SUSY particles. Note that the rare Λb → Λℓ+ℓ− transition was
analyzed in the same frameworks in [5] using only two form factors calculated via heavy
quark effective theory (HQET). In this work, we generalize those calculations to include all
form factors in full theory.
In the next section, introducing the effective Hamiltonian both in the SM and SUSY
models, we calculate the amplitude of the decay under consideration in terms of twelve form
factors enrolled to the transition matrix elements. In section 3, we calculate the formula for
the differential decay rate in SUSY and numerically analyze it together with the branching
ratio and lepton FBA. We also compare the obtained results on the considered physical
quantities in different SUSY models with those obtained from the SM. The last section
encompasses our concluding remarks.
2 The effective Hamiltonian and transition matrix el-
ements
In the SM, the Λb → Λℓ+ℓ− transition goes with the b → sℓ+ℓ− at quark level whose
effective Hamiltonian is given by
Heff = GFαemVtbV
∗
ts
2
√
2π
[
Ceff9 s¯γµ(1− γ5)b ℓ¯γµℓ + C10s¯γµ(1− γ5)b ℓ¯γµγ5ℓ
− 2mbCeff7
1
q2
s¯iσµνq
ν(1 + γ5)b ℓ¯γ
µℓ
]
, (2.1)
where GF is the Fermi coupling constant, αem is the fine structure constant at Z mass scale,
Vij are elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix; and the C
eff
7 , C
eff
9 and
C10 are the Wilson coefficients. Considering the contributions of the new operators coming
from the new interactions induced by the NHBs exchanged diagrams, the supersymmetric
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effective Hamiltonian can be written as
HeffSUSY =
GFαemVtbV
∗
ts
2
√
2π
[
Ceff9 s¯γµ(1− γ5)b ℓ¯γµℓ + C ′eff9 s¯γµ(1 + γ5)b ℓ¯γµℓ
+ C10s¯γµ(1− γ5)b ℓ¯γµγ5ℓ+ C ′10s¯γµ(1 + γ5)b ℓ¯γµγ5ℓ
− 2mbCeff7
1
q2
s¯iσµνq
ν(1 + γ5)b ℓ¯γ
µℓ− 2mbC ′eff7
1
q2
s¯iσµνq
ν(1− γ5)b ℓ¯γµℓ
+ CQ1 s¯(1 + γ5)b ℓ¯ℓ+ C
′
Q1
s¯(1− γ5)b ℓ¯ℓ
+ CQ2 s¯(1 + γ5)b ℓ¯γ5ℓ+ C
′
Q2
s¯(1− γ5)b ℓ¯γ5ℓ
]
, (2.2)
where the new Wilson coefficients, CQ1 and CQ2 exist in the all considered SUSY models,
while the primed coefficients only appear in SUSY SO(10) scenario.
The amplitude is obtained by sandwiching the new effective Hamiltonian between the
initial and final baryonic states, i.e.,
MΛb→Λℓ+ℓ−SUSY = 〈Λ(pΛ) | HeffSUSY | Λb(pΛb)〉, (2.3)
where pΛb and pΛ are momenta of the Λb and Λ baryons, respectively. To proceed, we need
to calculate the following matrix elements parametrized in terms of twelve form factors in
full theory:
〈Λ(pΛ) | s¯γµ(1− γ5)b | Λb(pΛb)〉 = u¯Λ(pΛ)
[
γµf1(q
2) + iσµνq
νf2(q
2) + qµf3(q
2)
− γµγ5g1(q2)− iσµνγ5qνg2(q2)− qµγ5g3(q2)
]
uΛb(pΛb) ,
(2.4)
〈Λ(pΛ) | s¯γµ(1 + γ5)b | Λb(pΛb)〉 = u¯Λ(pΛ)
[
γµf1(q
2) + iσµνq
νf2(q
2) + qµf3(q
2)
+ γµγ5g1(q
2) + iσµνγ5q
νg2(q
2) + qµγ5g3(q
2)
]
uΛb(pΛb) ,
(2.5)
〈Λ(pΛ) | s¯iσµνqν(1 + γ5)b | Λb(pΛb)〉 = u¯Λ(pΛ)
[
γµf
T
1 (q
2) + iσµνq
νfT2 (q
2) + qµfT3 (q
2)
+ γµγ5g
T
1 (q
2) + iσµνγ5q
νgT2 (q
2) + qµγ5g
T
3 (q
2)
]
uΛb(pΛb) ,
(2.6)
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〈Λ(pΛ) | s¯iσµνqν(1− γ5)b | Λb(pΛb)〉 = u¯Λ(pΛ)
[
γµf
T
1 (q
2) + iσµνq
νfT2 (q
2) + qµfT3 (q
2)
− γµγ5gT1 (q2)− iσµνγ5qνgT2 (q2)− qµγ5gT3 (q2)
]
uΛb(pΛb) ,
(2.7)
〈Λ(pΛ) | s¯(1 + γ5)b | Λb(pΛb)〉 =
1
mb
u¯Λ(pΛ)
[
6qf1(q2) + iqµσµνqνf2(q2) + q2f3(q2)
− 6qγ5g1(q2)− iqµσµνγ5qνg2(q2)− q2γ5g3(q2)
]
uΛb(pΛb) ,
(2.8)
and,
〈Λ(pΛ) | s¯(1− γ5)b | Λb(pΛb)〉 =
1
mb
u¯Λ(pΛ)
[
6qf1(q2) + iqµσµνqνf2(q2) + q2f3(q2)
+ 6qγ5g1(q2) + iqµσµνγ5qνg2(q2) + q2γ5g3(q2)
]
uΛb(pΛb) ,
(2.9)
where q2 is the transformed momentum squared; and the uΛb and uΛ are spinors of the initial
and final baryons. In the meantime, the f
(T )
i and g
(T )
i with i = 1, 2 and 3 are transition
form factors.
Using the above transition matrix elements in terms of form factors, we find the super-
symmetric amplitude as
MΛb→Λℓ+ℓ−SUSY =
GFαemVtbV
∗
ts
2
√
2π
{
[
u¯Λ(pΛ)(γµ[A1R + B1L] + iσµνqν [A2R + B2L] + qµ[A3R + B3L])uΛb(pΛb)
]
(ℓ¯γµℓ)
+
[
u¯Λ(pΛ)(γµ[D1R + E1L] + iσµνqν [D2R + E2L] + qµ[D3R + E3L])uΛb(pΛb)
]
(ℓ¯γµγ5ℓ)
+
[
u¯Λ(pΛ)( 6q[G1R +H1L] + iqµσµνqν [G2R +H2L] + q2[G3R +H3L])uΛb(pΛb)
]
(ℓ¯ℓ)
+
[
u¯Λ(pΛ)( 6q[K1R + S1L] + iqµσµνqν [K2R + S2L] + q2[K3R + S3L])uΛb(pΛb)
]
(ℓ¯γ5ℓ)
}
,
(2.10)
where R = (1 + γ5)/2 and L = (1− γ5)/2 and the calligraphic coefficients are found as
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A1 = f1Ceff+9 − g1Ceff−9 − 2mb
1
q2
[
fT1 C
eff+
7 + g
T
1 C
eff−
7
]
, A2 = A1(1→ 2), A3 = A1 (1→ 3) ,
B1 = f1Ceff+9 + g1Ceff−9 − 2mb
1
q2
[
fT1 C
eff+
7 − gT1 Ceff−7
]
, B2 = B1 (1→ 2) , B3 = B1 (1→ 3) ,
D1 = f1C+10 − g1C−10, D2 = D1 (1→ 2) , D3 = D1 (1→ 3) ,
E1 = f1C+10 + g1C−10, E2 = E1 (1→ 2) , E3 = E1 (1→ 3) ,
G1 = 1
mb
[
f1C
+
Q1
− g1C−Q1
]
, G2 = G1 (1→ 2) , G3 = G1 (1→ 3) ,
H1 = 1
mb
[
f1C
+
Q1
+ g1C
−
Q1
]
, H2 = H1 (1→ 2) , H3 = H1 (1→ 3) ,
K1 = 1
mb
[
f1C
+
Q2
− g1C−Q2
]
, K2 = K1 (1→ 2) , K3 = K1 (1→ 3) ,
S1 = 1
mb
[
f1C
+
Q2
+ g1C
−
Q2
]
, S2 = S1 (1→ 2) , S3 = S1 (1→ 3) ,
(2.11)
with
Ceff+9 = C
eff
9 + C
′eff
9 , C
eff−
9 = C
eff
9 − C ′eff9 ,
Ceff+7 = C
eff
7 + C
′eff
7 , C
eff−
7 = C
eff
7 − C ′eff7 ,
C+10 = C10 + C
′
10, C
−
10 = C10 − C ′10 ,
C+Q1 = CQ1 + C
′
Q1, C
−
Q1
= CQ1 − C ′Q1 ,
C+Q2 = CQ2 + C
′
Q2
, C−Q2 = CQ2 − C ′Q2 .
(2.12)
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3 Differential decay rate, branching fraction and FBA
3.1 The differential decay rate
In this part, we calculate the differential decay rate for the decay channel under consider-
ation. Using the aforementioned amplitude, we find the supersymmetric differential decay
rate in terms of form factors in full theory as:
d2Γ
dsˆdz
(z, sˆ) =
G2Fα
2
emmΛb
16384π5
|VtbV ∗ts|2v
√
λ(1, r, sˆ)
[
T0(sˆ) + T1(sˆ)z + T2(sˆ)z2
]
,
(3.13)
where λ = λ(1, r, sˆ) = (1 − r − sˆ)2 − 4rsˆ is the usual triangle function with sˆ = q2/m2Λb,
r = m2Λ/m
2
Λb
and v =
√
1− 4m2ℓ
q2
. Here also z = cos θ with θ is the angle between momenta
of the lepton l+ and the Λb in the center of mass of leptons. The calligraphic, T0(sˆ), T1(sˆ)
and T2(sˆ) functions are obtained as:
T0(sˆ) = 32m2ℓm4Λb sˆ(1 + r − sˆ)
(
|D3|2 + |E3|2
)
+ 64m2ℓm
3
Λb
(1− r − sˆ) Re
[
D∗1E3 +D3E∗1
]
+ 64m2Λb
√
r(6m2ℓ −m2Λb sˆ)Re
[
D∗1E1
]
+ 64m2ℓm
3
Λb
√
r
{
2mΛb sˆRe
[
D∗3E3
]
+ (1− r + sˆ)Re
[
D∗1D3 + E∗1E3
]}
+ 32m2Λb(2m
2
ℓ +m
2
Λb
sˆ)
{
(1− r + sˆ)mΛb
√
rRe
[
A∗1A2 + B∗1B2
]
− mΛb(1− r − sˆ) Re
[
A∗1B2 +A∗2B1
]
− 2√r
(
Re
[
A∗1B1
]
+m2Λb sˆRe
[
A∗2B2
])}
6
+ 8m2Λb
{
4m2ℓ(1 + r − sˆ) +m2Λb
[
(1− r)2 − sˆ2
]}(
|A1|2 + |B1|2
)
+ 8m4Λb
{
4m2ℓ
[
λ+ (1 + r − sˆ)sˆ
]
+m2Λb sˆ
[
(1− r)2 − sˆ2
]}(
|A2|2 + |B2|2
)
− 8m2Λb
{
4m2ℓ(1 + r − sˆ)−m2Λb
[
(1− r)2 − sˆ2
]}(
|D1|2 + |E1|2
)
+ 8m5Λb sˆv
2
{
− 8mΛb sˆ
√
rRe
[
D∗2E2
]
+ 4(1− r + sˆ)√rRe
[
D∗1D2 + E∗1E2
]
− 4(1− r − sˆ) Re
[
D∗1E2 +D∗2E1
]
+mΛb
[
(1− r)2 − sˆ2
](
|D2|2 + |E2|2
)}
− 8m4Λb
{
4mℓ
[
(1− r)2 − sˆ(1 + r)
]
Re
[
D∗1K1 + E∗1S1
]
+ (4m2ℓ −m2Λb sˆ)
[
(1− r)2 − sˆ(1 + r)
] (
|G1|2 + |H1|2
)
+ 4m2Λb
√
rsˆ2(4m2ℓ −m2Λb sˆ) Re
[
G∗3H3
]}
− 8m5Λb sˆ
{
2
√
r(4m2ℓ −m2Λb sˆ) (1− r + sˆ) Re
[
G∗1G3 +H∗1H3
]
+ 4mℓ
√
r(1− r + sˆ)Re
[
D∗1K3 + E∗1S3 +D∗3K1 + E∗3S1
]
+ 4mℓ(1− r − sˆ)Re
[
D∗1S3 + E∗1K3 +D∗3S1 + E∗3K1
]
+ 2(1− r − sˆ)(4m2ℓ −m2Λb sˆ) Re
[
G∗1H3 +H∗1G3
]
− mΛb
[
(1− r)2 − sˆ(1 + r)
](
|K1|2 + |S1|2
)}
− 32m4Λb
√
rsˆ
{
2mℓRe
[
D∗1S1 + E∗1K1
]
+ (4m2ℓ −m2Λb sˆ) Re
[
G∗1H1
]}
+ 8m6Λb sˆ
2
{
4
√
rRe
[
K∗1S1
]
+ 2mΛb
√
r(1− r + sˆ)Re
[
K∗1K3 + S∗1S3
]
+ 2mΛb(1− r − sˆ)Re
[
K∗1S3 + S∗1K3
]
− (4m2ℓ −m2Λb sˆ)(1 + r − sˆ)
(
|G3|2 + |H3|2
)
− 4mℓ(1 + r − sˆ)Re
[
D∗3K3 + E∗3S3
]
− 8mℓ
√
rRe
[
D∗3S3 + E∗3K3
]}
+ 8m8Λb sˆ
3
{
(1 + r − sˆ)
(
|K3|2 + |S3|2
)
+ 4
√
rRe
[
K∗3S3
]}
,
(3.14)7
T1(sˆ) = −32m4Λbmℓ
√
λv(1− r)Re
(
A∗1G1 + B∗1H1
)
− 16m4Λb sˆv
√
λ
{
2Re
(
A∗1D1
)
− 2Re
(
B∗1E1
)
+ 2mΛbRe
(
B∗1D2 − B∗2D1 +A∗2E1 −A∗1E2
)
+ 2mΛbmℓRe
(
A∗1H3 + B∗1G3 −A∗2H1 − B∗2G1
)}
+ 32m5Λb sˆ v
√
λ
{
mΛb(1− r)Re
(
A∗2D2 − B∗2E2
)
+
√
rRe
(
A∗2D1 +A∗1D2 − B∗2E1 − B∗1E2
)
− √rmℓRe
(
A∗1G3 + B∗1H3 +A∗2G1 + B∗2H1
)}
+ 32m6Λbmℓ
√
λvsˆ2Re
(
A∗2G3 + B∗2H3
)
,
(3.15)
T2(sˆ) = −8m4Λbv2λ
(
|A1|2 + |B1|2 + |D1|2 + |E1|2
)
+ 8m6Λb sˆv
2λ
(
|A2|2 + |B2|2 + |D2|2 + |E2|2
)
.
(3.16)
In order to obtain the differential decay rate only in terms of sˆ, we fulfill integrate
Eq.(3.13) over z in the interval [−1, 1]. As a result, we get
dΓ
dsˆ
(sˆ) =
G2Fα
2
emmΛb
8192π5
|VtbV ∗ts|2v
√
λ
[
T0(sˆ) + 1
3
T2(sˆ)
]
. (3.17)
3.2 The differential branching ratio
Using the differential decay rate, in this subsection, we numerically analyze the differential
branching ratio and calculate the values of the branching ratios at different lepton channels.
For this aim, we need sum inputs which we would like to present them here. In Table 1, we
present the masses [9] as well as the lifetime of the initial baryon [9], some constants and
elements of the CKM matrix.
The main inputs in our calculations are form factors. These form factors are calculated
via light cone QCD sum rules in full theory in [10]. The fit function for the form factors
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Some Input Parameters Values
me 0.00051 GeV
mµ 0.1056 GeV
mτ 1.776 GeV
mb 4.8 GeV
mΛb 5.620 GeV
mΛ 1.1156 GeV
τΛb 1.425× 10−12 s
~ 6.582× 10−25GeV s
GF 1.17× 10−5 GeV −2
αem 1/137
|VtbV ∗ts| 0.041
Table 1: The values of some input parameters used in the analysis.
f1, f2, f3, g1, g2, g3, f
T
2 , f
T
3 , g
T
2 and g
T
3 is given as [10]:
f
(T )
i (q
2)[g
(T )
i (q
2)] =
a(
1− q
2
m2fit
) + b(
1− q
2
m2fit
)2 , (3.18)
where the fit parameters a, b and m2fit as well as the values of the related form factors at
q2 = 0 in full theory are given in Table 2. Furthermore, the fit function of the form factors
fT1 and g
T
1 is given by [10]:
fT1 (q
2)[gT1 (q
2)] =
c(
1− q
2
m
′2
fit
) − c(
1− q
2
m
′′2
fit
)2 , (3.19)
where, the parameters c, m
′2
fit and m
′′2
fit as well as the values of the corresponding form
factors at q2 = 0 are presented in Table 3.
In our numerical analysis, it is important to emphasize that the Wilson coefficient Ceff9
has been taken to contain also the long distance (LD) effects coming from the charmonium
resonances. These effects are parameterized using the Breit-Weigner ansatz as [11–13]:
YLD =
3π
α2
C(0)
6∑
i=1
κi
Γ(Vi → ℓ+ℓ−)mVi
m2Vi − q2 − imViΓVi
, (3.20)
where, C(0) = 0.362 and κi are the phenomenological factors. Here, mVi and ΓVi are
the masses and decay rates of the vector charmonia, respectively. In the present work,
9
a b m2fit form factors at q
2 = 0
f1 −0.046 0.368 39.10 0.322± 0.112
f2 0.0046 −0.017 26.37 −0.011± 0.004
f3 0.006 −0.021 22.99 −0.015± 0.005
g1 −0.220 0.538 48.70 0.318± 0.110
g2 0.005 −0.018 26.93 −0.013± 0.004
g3 0.035 −0.050 24.26 −0.014± 0.005
fT2 −0.131 0.426 45.70 0.295± 0.105
fT3 −0.046 0.102 28.31 0.056± 0.018
gT2 −0.369 0.664 59.37 0.294± 0.105
gT3 −0.026 −0.075 23.73 −0.101± 0.035
Table 2: The parameters in the fit function of the form factors f1, f2, f3, g1, g2, g3, f
T
2 , f
T
3 ,
gT2 and g
T
3 as well as their values at q
2 = 0 in full theory [10].
c m
′2
fit m
′′2
fit form factors at q
2 = 0
fT1 −1.191 23.81 59.96 0± 0.0
gT1 −0.653 24.15 48.52 0± 0.0
Table 3: The parameters in the fit function of the form factors fT1 and g
T
1 as well as their
values at q2 = 0 in full theory [10].
we only take into account the two lowest resonances that are J/ψ(1s) and ψ(2s). The
phenomenological factors have also been chosen as κ1 ∼= 1 and κ2 ∼= 2. The masses,
branching fractions and total decay widths related to the considered resonances are given
in Table 4.
Family of J/ψ Mass[GeV ] Γ(Vi → ℓ+ℓ−) ΓVi
J/ψ(1s) 3.096 5.55× 10−6 92.9× 10−6
ψ(2s) 3.686 2.35× 10−6 304× 10−6
Table 4: The values of masses, branching fractions and total decay widths related to the
resonances J/ψ(1s) and ψ(2s) [9].
Considering the above mentioned resonances from J/ψ family, we divide the allowed
physical regions into the following three regions in the case of the electron and muon as
10
final leptons:
Region I ; 4m2l ≤ q2 ≤ (mJ/ψ(1s) − 0.02)2,
Region II ; (mJ/ψ(1s) + 0.02)
2 ≤ q2 ≤ (mψ(2s) − 0.02)2,
Region III ; (mψ(2s) + 0.02)
2 ≤ q2 ≤ (mΛb −mΛ)2.
In the case of τ , we have the following two regions:
Region I ; 4m2τ ≤ q2 ≤ (mψ(2s) − 0.02)2,
Region II ; (mψ(2s) + 0.02)
2 ≤ q2 ≤ (mΛb −mΛ)2.
Finally, we would like to present the numerical values of the Wilson coefficients used in
numerical calculations in Table 5.
Coefficient SM SUSY I SUSY II SUSY III SUSY SO(10)(A0 = −1000)
Ceff7 −0.313 +0.376 +0.376 −0.376 −0.219
Ceff9 4.334 4.767 4.767 4.767 4.275
C10 −4.669 −3.735 −3.735 −3.735 −4.732
CQ1 0 0 6.5(16.5) 1.2(4.5) 0.106 + 0i(1.775 + 0.002i)
CQ2 0 0 −6.5(−16.5) −1.2(−4.5) −0.107 + 0i(−1.797− 0.002i)
C ′eff7 0 0 0 0 0.039 + 0.038i
C ′eff9 0 0 0 0 0.011 + 0.072i
C ′10 0 0 0 0 −0.075− 0.67i
C ′Q1 0 0 0 0 −0.247 + 0.242i(−4.148 + 4.074i)
C ′Q2 0 0 0 0 −0.25 + 0.246i(−4.202 + 4.128i)
Table 5: The Wilson coefficients used in numerical calculations [3, 4, 6, 14]. In the values
containing parentheses, the values inside the parentheses stand for the τ lepton, while the
values outside belong to the e and µ cases. The other values (without parentheses) refer to
all leptons.
Having given all the inputs, we now present the dependence of the differential branching
ratio on sˆ for the e, µ and τ leptons in the SM and different SUSY scenarios in Figures
1 and 2. From these figures which are plotted considering the central values of the form
factors, we see that
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Figure 1: The dependence of the differential branching ratio on sˆ for the Λb → Λe+e− and
Λb → Λµ+µ− transitions in SM and different SUSY models using the central values of form
factors.
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Figure 2: The dependence of the differential branching ratio on sˆ for the Λb → Λτ+τ−
transition in SM and different SUSY models using the central values of form factors.
• in all lepton channels, the predictions of the SUSY II deviate maximally from those
of the SM and other considered SUSY models. In the case of τ , this deviation reaches
to approximately one order of magnitude.
• As far as the e and µ are concerned, the results obtained via the SUSY I have also
considerable deviation from the predictions of the other models.
• In the case of τ as final lepton, we see sizable differences between all models’ predic-
tions. The nearest results to the SM correspond to the SUSY I and III.
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BR(Λb → Λe+e−) Region I Region II Region III
SM 2.86× 10−6 1.12× 10−6 0.81× 10−6
SUSY I 4.57× 10−6 1.56× 10−6 0.99× 10−6
SUSY II 5.66× 10−6 2.69× 10−6 2.61× 10−6
SUSY III 2.93× 10−6 0.98× 10−6 0.66× 10−6
SUSY SO(10) 2.65× 10−6 1.20× 10−6 1.09× 10−6
Table 6: The central values of branching ratio for Λb → Λe+e− decay channel at different
regions in SM and different SUSY models.
BR(Λb → Λµ+µ−) Region I Region II Region III
SM 2.25× 10−6 1.12× 10−6 0.81× 10−6
SUSY I 3.69× 10−6 1.56× 10−6 0.99× 10−6
SUSY II 4.65× 10−6 2.63× 10−6 2.55× 10−6
SUSY III 2.04× 10−6 0.97× 10−6 0.65× 10−6
SUSY SO(10) 2.33× 10−6 1.20× 10−6 1.09× 10−6
Table 7: The central values of branching ratio for Λb → Λµ+µ− decay channel at different
regions in SM and different SUSY models.
3.3 The branching ratio
Integrating the differential branching ratio over sˆ in the considered regions and taking into
account the central values of the form factors, we find the branching ratios for various
models as presented in Tables 6, 7 and 8 for different lepton channels. A quick glance at
these Tables leads to the following results:
• as it is expected the values of the branching ratio decrease when going from the e to
τ .
• The order of branching ratios indicates that these channels are accessible at the LHC.
Note that as we have already mentioned this decay channel has been observed by
CDF Collaboration at Fermilab in µ channel [7].
• All SUSY models have predictions considerably different than those of the SM in all
regions and at all lepton channels.
• The maximum deviation from the SM results belongs to the SUSY II model. When
considering the numerical values, the maximum deviation of the SUSY II result from
13
BR(Λb → Λτ+τ−) Region I Region II
SM 0.87× 10−7 3.84× 10−7
SUSY I 1.35× 10−7 5.55× 10−7
SUSY II 2.01× 10−7 2.44× 10−6
SUSY III 0.72× 10−7 2.13× 10−7
SUSY SO(10) 1.12× 10−7 1.61× 10−6
Table 8: The central values of branching ratio for Λb → Λτ+τ− decay channel at different
regions in SM and different SUSY models.
the SM prediction corresponds to the region II for τ channel. In this case, the result
of the SUSY II is approximately 6 times greater than that of the SM.
3.4 The FBA
The lepton forward-backward asymmetry (AFB) is defined as:
AFB = Nf −Nb
Nf +Nb
. (3.21)
where Nf is the number of moving particles to forward direction and Nb is the number of
moving particles to backward direction. In technique language, the lepton FBA is written
in terms of the differential decay rate as:
AFB(sˆ) =
∫ 1
0
d2Γ
dsˆdz
(z, sˆ) dz −
∫ 0
−1
d2Γ
dsˆdz
(z, sˆ) dz∫ 1
0
d2Γ
dsˆdz
(z, sˆ) dz +
∫ 0
−1
d2Γ
dsˆdz
(z, sˆ) dz
. (3.22)
Using this definition, we plot the dependence of the lepton FBA on sˆ for e, µ and τ
channels in the SM and different SUSY models in Figures 3 and 4. From these figures which
are also plotted considering the central values of the form factors, it is clear that,
• in the case of the e and µ channels, the SUSY I and II behave different than the
other models. In these channels for the small values of the sˆ, the maximum deviation
belongs to the SUSY I, however, for higher values of the sˆ the maximum deviation
corresponds to the SUSY II.
• In τ channel, the maximum deviation from the SM prediction belongs to the SUSY
III.
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Figure 3: The dependence of the FBA on sˆ for Λb → Λe+e− and Λb → Λµ+µ− transitions
in SM and different SUSY scenarios using the central values of form factors.
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Figure 4: The dependence of the FBA on sˆ for Λb → Λτ+τ− transition in SM and different
SUSY scenarios using the central values of form factors.
• The zero points of the FBA in different SUSY models move slightly to the left compare
to the SM predictions. In some regions, the SUSY I, II and III have different signs
with the SM predictions.
• The SUSY SO(10) represents overall the closest results to the SM predictions.
3.5 The physical quantities under consideration taking into ac-
count the uncertainties of the form factors
In this subsection, we would like to consider the above mentioned physical quantities taking
into account the uncertainties of the form factors and discuss the effects of these errors on
the results. For this aim, considering the errors of the form factors, we plot the dependence
of the differential branching ratio and FBA on sˆ at different lepton channels and different
models in figures 5-8. From these figures we see that,
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Figure 5: Comparison of the results of differential branching ratio with respect to sˆ for
the Λb → Λe+e− transition obtained from different SUSY models with that of the SM
considering the errors of form factors.
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Figure 6: The same as Figure 5 but for µ.
• as far as the differential branching ratio are concerned, at the e and µ channels, the
band of SUSY SO(10) approximately covers the band of the SM. In the case of the
SUSY I, II and III, although their bands coincide with that of the SM, there are some
regions that these SUSY models have different predictions. Among these different
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Figure 7: The same as Figure 5 but for τ .
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Figure 8: Comparison of the results of the FBA with respect to sˆ for all lepton channels
obtained from different SUSY models with that of the SM considering the errors of form
factors.
SUSY models, the maximum discrepancy from the SM prediction belongs to the
SUSY II. In τ channel, the difference between different SUSY models predictions and
that of the SM can not be completely killed by the errors of form factors for any SUSY
models. In this channel, there are also common regions between the bands of SUSY
models and that of the SM, except than the SUSY II which does not approximately
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BR(Λb → Λe+e−) Region I Region II Region III
SM (2.86± 1.43)× 10−6 (1.12± 0.56)× 10−6 (0.81± 0.40)× 10−6
SUSY I (4.57± 2.42)× 10−6 (1.56± 0.82)× 10−6 (0.99± 0.52)× 10−6
SUSY II (5.66± 3.05)× 10−6 (2.69± 1.45)× 10−6 (2.61± 1.40)× 10−6
SUSY III (2.93± 1.52)× 10−6 (0.98± 0.50)× 10−6 (0.66± 0.34)× 10−6
SUSY SO(10) (2.65± 1.35)× 10−6 (1.20± 0.61)× 10−6 (1.09± 0.55)× 10−6
Table 9: The values of branching ratio for Λb → Λe+e− decay channel at different regions
in SM and different SUSY models considering the uncertainties of form factors.
BR(Λb → Λµ+µ−) Region I Region II Region III
SM (2.25± 1.12)× 10−6 (1.12± 0.56)× 10−6 (0.81± 0.40)× 10−6
SUSY I (3.69± 1.95)× 10−6 (1.56± 0.82)× 10−6 (0.99± 0.52)× 10−6
SUSY II (4.65± 2.51)× 10−6 (2.63± 1.42)× 10−6 (2.55± 1.37)× 10−6
SUSY III (2.04± 1.06)× 10−6 (0.97± 0.50)× 10−6 (0.65± 0.33)× 10−6
SUSY SO(10) (2.33± 1.18)× 10−6 (1.20± 0.61)× 10−6 (1.09± 0.55)× 10−6
Table 10: The values of branching ratio for Λb → Λµ+µ− decay channel at different regions
in SM and different SUSY models considering the uncertainties of form factors.
coincide anywhere with the SM result.
• In the case of the FBA, the errors of form factors do not approximately affect the
central values, except than the higher values of sˆ, which we see narrow bands for
different SUSY models as well as the SM. At e and µ channels, the bands of the
SUSY I, SUSY III, SUSY SO(10) and SM coincide with each other somewhere at
higher values of sˆ, but the SUSY II has different prediction. At τ channel, all models
have different predictions.
• As it is expected, the forward-backward asymmetry and in particular its zero-crossing
points are more robust than the differential branching ratio such that they are not
approximately affected by the uncertainties of the form factors. This is the case also
in B → K(∗)l+l− channel.
Now, we discuss the effects of the uncertainties of the form factors for the branching
ratios at different regions and for different models. Taking into account the errors of
form factors, we present the values of branching ratios at different channels in Tables
9, 10 and 11. From these Tables we deduce the same results as we have seen from the
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BR(Λb → Λτ+τ−) Region I Region II
SM (0.87± 0.43)× 10−7 (3.84± 1.92)× 10−7
SUSY I (1.35± 0.71)× 10−7 (5.55± 2.94)× 10−7
SUSY II (2.01± 1.08)× 10−7 (2.44± 1.31)× 10−6
SUSY III (0.72± 0.37)× 10−7 (2.13± 1.10)× 10−7
SUSY SO(10) (1.12± 0.57)× 10−7 (1.61± 0.82)× 10−6
Table 11: The values of branching ratio for Λb → Λτ+τ− decay channel at different regions
in SM and different SUSY models considering the uncertainties of form factors.
figures of the differential branching ratio. Although the central values for different
SUSY models and the SM differ considerably from each other, considering the errors
of the presented results in these Tables, we observe that approximately in all cases
the results of different models coincide with each other, except for the SUSY II and
SUSY SO(10) at τ channel and region II which have considerable discrepancy with
the other model predictions.
4 Conclusion
In the present work, we have calculated the amplitude and differential decay rate for the
semileptonic Λb → Λℓ+ℓ− transition in different supersymmetric models. We have taken
into account all twelve form factors entered the low energy matrix elements and recently
calculated via light cone QCD sum rules in full theory to analyze the differential branch-
ing ratio, total branching fraction and the lepton forward-backward asymmetry. We have
considered different SUSY scenarios in the calculations and compared the obtained results
with the SM predictions. As far as the central values of the form factors are considered,
in general, we observed considerable deviations from the SM predictions. In the case of
the (differential) branching ratio, the maximum deviations from the SM predictions belong
to the SUSY II scenario. As far as the FBA is concerned, at e and µ channels and lower
values of the sˆ, the maximum deviation belongs to the SUSY I, however, for the higher
values of the sˆ and the same lepton channels, the maximum discrepancy corresponds again
to the SUSY II model. Taking into account the uncertainties of the form factors, we have
observed that the branching ratio is more affected by these errors. The bands of the SUSY
SO(10) approximately cover the SM bands at the e and µ channels. For other SUSY models
and all lepton channels, although we have seen some intersection regions between different
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SUSY bands and the SM predictions, there are considerable discrepancies between the SM
and SUSY models predictions. Especially, at τ channel, there is a big discrepancy between
the SUSY II and the SM bands. When we consider the FBA, the uncertainties of the form
factors do not affect this quantity and its zero-crossing points. We see overall a consid-
erable discrepancies between the narrow bands of the different considered SUSY models
and that of the SM. Such discrepancies can be considered as a signal for existence of the
supersymmetric particles.
The orders of the branching ratio at all lepton channels and all the considered regions
of q2 depict that these decay channels can be checked at LHC in near future. Note that
as we have also previously stressed, this channel for µ case has been observed recently by
CDF Collaboration at Fermilab. We are waiting for the LHCb Collaboration results on
these channels, which they have in their physics program [8].
Comparison of the experimental results on the branching ratio as well as the FBA with
the predictions of the present work, especially determination of the sign and zero-crossing
points of the FBA, which have not been affected by the errors of the form factors, can help
us get valuable information about the existence of the SUSY particles.
As we have already noticed, in numerical analysis, we have used the values of the Wilson
coefficients presented in Table 5 for different SUSY scenarios. These values are obtained
when the masses of the neutral Higgs bosons are taken in the interval (91 − 200) GeV
(see for instance [4, 15–17]). Considering the recent developments by the CMS and ATLAS
Collaborations at CERN on the mass of the Higgs-like boson (∼ 125 GeV ), the used values
of the Wilson coefficients are still viable. However, after clarifying whether the obtained
boson at LHC is the standard or non-standard Higgs, and using its exact mass, one may
recalculate the Wilson coefficients in different SUSY scenarios. Obviously, it will be possible
to improve the obtained results in the present work using the new values of the Wilson
coefficients.
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